Forty-three strains were studied, representing 25 genera of bacteria. The cultures, listed in Table  1 , were supplied by the American Type Culture Collection, Rockville, Md. The nomenclatural type species of many genera were included, and the type or neotype strain of each species was used whenever one was available.
Much of the research in numerical taxonomy of bacteria has consisted of detailed analyses of individual taxa. The relatively few studies of broader samples of microorganisms, such as the survey by Sneath and Cowan (1958) , have indicated general agreement with present classifications but have not yet provided answers to two central questions. (i) To what extent do the findings of numerical taxonomy agree with our current concept of a hierarchy of taxa, with orders divided into suborders, the latter into families, families divided into tribes, tribes made up of genera, and genera of species? (ii) What is the quantitative significance of taxa; that is, does "genus"' in one family mean the same thing as it does in another, and do the genera in a given family differ as much from one another as do those in another family? Gathering of sufficient data to provide firm answers to these questions obviously will be an ambitious undertaking, for it will require study of numerous representatives from many taxa, and will pose technical difficulties in devising a battery of tests suitable for comparing a great variety of quite dissimilar organisms. In this report, we have tried to initiate such a program by comparing a limited sample of microorganisms from selected taxa. The results confirm earlier indications that numerical taxonomy eventually can lead to useful revision of our present concepts of classification.
MATERIALS AND METHODS
Forty-three strains were studied, representing 25 genera of bacteria. The cultures, listed in Table  1 , were supplied by the American Type Culture Collection, Rockville, Md. The nomenclatural type species of many genera were included, and the type or neotype strain of each species was used whenever one was available.
All cultures except Rhodopseudomonas capsulata 11166, Rhodospirillum rubrum 9791, and R. rubrum 277 were grown in Brain Heart Infusion (BHI) broth (Difco Certain "classical" properties, including surface growth and odor in broth, and colony margin and elevation on agar, showed variation with minor differences in environment and age of cultures; these properties were not incorporated in this study because it was not possible to code such ambiguous observations in the precise terms required for numerical analysis.
Seventy-one properties of each test organism were determined, as listed in Table 2 . Data for computations were recorded in coded form, by use of methods described by Lockhart and Hartman (1963) and Lockhart (1964) . Most of the properties (e.g., "presence of spores") could exist in only two character states; in these instances, the code symbol A was recorded for present (or positive), and the symbol B for absent (or negative). Some properties might exist in three or more mutually exclusive states; "colony consistency," for example, was coded A for smooth, B for rough, and C for mucoid. A few properties were sub- VOL. 90, 1965 divided into two features, one dependent on the other. Thus, "sediment in broth" was divided into the primary feature "production of sediment" (A recorded for present, B for absent), and the secondary or dependent feature, "type of sediment" (A recorded for viscid, B for flocculent, C for granular, and D for organisms producing no sediment). This had the effect of weighting the primary feature (Lockhart, 1964) with the two species of Proteus joining this group at a very low level of similarity just before the various groups fused together. But the genera (Pseudomonas, Aeromonas, and Xanthomonas) of the Pseudomonadaceae remained separated, and the split in the Micrococcaceae was retained, with Micrococcus-Sarcina joining Achromobacteraceae and with Staphylococcus-Gaffkya going to the Lactobacillaceae.
For convenience in comparisons with Fig. 1 , the groupings suggested by the numerical analyses are presented in summary form in Fig. 3 . DISCUSSION There are some rather striking differences between the relationships in Fig. 2 and 3 and those predicted from the present classification shown in Fig. 1 (Liston, 1960; Colwell and Liston, 196 la, b; Colwell and Mandel, 1964) suggest that Aeromonas is a link between Pseudomonas and the enterobacteria. Colwell and Liston (1961b) also found that Aeromonas, Pseudomonas, and Xanthomonas form separate groups. Our data indicate that, of the three genera, only Xanthomonas may be even slightly similar to the other members of the Pseudomonadales. There is no evidence to support the suborder Pseudomonadineae; the Spirillaceae seem to be less closely related to Xanthomonas than to the Athiorhodaceae of the present suborder Rhodobacteriineae. One is tempted to suggest placiDg the present members of the Athiorhodaceae and Spirillaceae into a single family or suborder, but it should be remembered that only relatively standard bacteriological tests were used in this study, so that our data perhaps do not adequately reflect the dissimilarities from other bacteria inherent in the photosynthetic metabolism of Rhodopseudomonas and Rhodospirillum.
Bacillus subtilis, the only representative of the Bacillaceae, was well separated from the other organisms studied. Colwell and Liston (1961b) and Sneath and Cowan (1958) also reported that B. subtilis is quite distinct from members of other taxa.
The family Micrococcaceae could not be recovered as a group in the numerical analysis. Others have noted a similar split between biochemically active and inactive members of this taxon; Hill (1959) , for example, found a distinction between Staphylococcus and Micrococcus.
We found that the inactive Micrococcus and Sarcina form a homogeneous subgroup attached to the Achromobacteraceae. Rosypal and Kocur (1963) reported that certain strains of Micrococcus and Sarcina are very similar, so that these two genera are often indistinguishable. The other branch of this cluster is quite diffuse, with no evidence of a generic distinction between Alcaligenes and Achromobacter. Thornley (1960) reported a low order of similarity within the latter genus. This is not surprising when one considers some of the present (see Bergey's Manual, p. 296) criteria for differentiating the two genera: "litmus milk alkaline" (Alcaligenes), "litmus milk slightly acid, unchanged, or alkaline" (Achromobacter), "no acid from carbohydrates" (Alcaligenes), "small amounts of acid are usually produced from hexoses" (Achromobacter). The status of Flavobacterium is unclear; the single strain of F. devorans studied here is only remotely similar to the Achromobacteraceae and shows no relationships with other groups.
The biochemically active Micrococcaceae form a subgroup attached to the Lactobacillaceae, with no evidence of a generic distinction between Staphylococcus and Gaffkya. (When carbohydrate fermentation reactions were omitted from computations of similarity, the separation of these two genera from the Lactobacillaceae was less distinct.) Despite the inclusion of Leuconostoc citrovorum in group 2b among three species of Streptococcus, the authenticity of the tribe Streptococceae appears dubious. S. bovis is excluded from this subgroup, and Leuconostoc mesenteroides (type species of its genus) is not similar to the members of this or any other group. The single strain of Lactobacillus casei appears to be separate from Streptococcus and Leuconostoc, but is as similar to the Staphylococcus-Gaffkya cluster as to the other Lactobacillaceae.
The Enterobacteriaceae form a distinct cluster (group 3), except that species of Proteus are not included. Most numerical taxonomic studies of the enterobacteria have indicated the questionable status of Proteus as a member of this family. It was excluded from the enterobacteria in the study by Sneath and Cowan (1958) , and their data show less similarity among species of Proteus than would be expected within a genus. Lysenko and Sneath (1959) and Beers et al. (1962) found that Proteus joined the family only at quite low levels of similarity. The results of Colwell and Liston (1961a) indicate that the type species, P. vulgaris, has little similarity to strains of Escherichia and Aerobacter, and Sueoka (1961) reported that the deoxyribonucleic acid base ratio of P. vulgaris is significantly different from those found for other enterobacteria.
Serratia and Shigella seem to form distinct generic groups (3b and 3c). A similarly distinct Serratia subgroup was reported by Beers et al. (1962) . Although some studies (e.g., Beers et al., 1962; Lockhart and Hartman, 1963) have indicated a separation between strains of Escherichia and Enterobacter, these two genera seem in this study to combine with Erwinia and Salmonella into a single, rather diffuse cluster (group 3a) within the enterobacteria. Erwinia amylovora, the type species of its genus, bears little similarity to other enterobacteria, an observation confirmed with several strains of E. amylovora during a more detailed study of the genus Erwinia (Koenig and Lockhart, unpublished data). In view of the lack of evidence to support the integrity of several of the genera of enterobacteria, the designation of tribes within this family may be unrealistic.
The separation of Serratia and Shigella was less distinct when carbohydrate fermentations were omitted. Since inclusion of these features appears to have little effect on results obtained with biochemically inactive organisms, but may increase the precision with which we can distinguish among active ones, it seems permissible to include a number of such tests despite earlier warnings (Liston, 1960 ) that results might be biased thereby. Apparently it is safe to make use of all the sound information that is available.
Many of the common bacteriological tests have rarely been applied to organisms that are "identified" by other properties. Since taxa are presently defined on the basis of a few key diagnostic properties rather than on overall similarity, it is possible that application of some of these tests to a broader sample of the bacterial spectrum will reveal unsuspected relationships among taxa previously thought to be distinct. Such general testing poses severe problems in trying to standardize tests to be applied to organisms which grow at varying rates under quite different optimal conditions of cultivation. One possible solution is the approach we have taken in this study: results of observations are considered comparable if organisms are grown at their optimal incubation temperatures in suitable (possibly different) media for the (varying) periods necessary to produce equivalent growth response. The necessary precautions are obvious, but the notion of comparing organisms on the basis of their capabilities under optimal conditions seems clearly defensible. (The fact that these optimal conditions differ is information, too, which of course must be included in the numerical analysis.)
In any case, surveys of this kind point to a general conclusion: numerical taxonomy, rather than leading to the creation of a multitude of new taxa based on minute and trivial differences, as was first feared, is more likely to induce us eventually to "lump" taxa by revealing arbitrary and spurious distinctions in present classifications. The result can only be an easier and more realistic diagnosis, and new insight into the relationships among organisms.
